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( 57 ) ABSTRACT 
A semiconductor device substrate assembly may include a 
first substrate , comprising : a first insulator plate ; and a first 
patterned metal layer , disposed on the first insulator plate , 
wherein the first insulator plate comprises a first material 
and a first thickness . The assembly may include a second 
substrate , comprising : a second insulator plate ; and a second 
patterned metal layer , disposed on the second insulator plate , 
wherein the second insulator plate comprises the first mate 
rial and the first thickness . The assembly may also include 
a third substrate , disposed between the first substrate and the 
second substrate , comprising : a third insulator plate ; and a 
third patterned metal layer , disposed on the third insulator 
plate , wherein the third insulator plate comprises a second 
material and a second thickness , wherein at least one of the 
second material and the second thickness differs from the 
first material and the first thickness , respectively . 

16 Claims , 5 Drawing Sheets 
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AFFIXING FIRST SUBSTRATE ON BASEPLATE , COMPRISING FIRST 
INSULATOR PLATE , FIRST PATTERNED METAL LAYER , AND FIRST SET OF 

SEMICONDUCTOR DIE 
402 

AFFIXING SECOND SUBSTRATE ON BASEPLATE , COMPRISING SECOND 
INSULATOR PLATE , SECOND PATTERNED METAL LAYER , AND SECOND SET 

OF SEMICONDUCTOR DIE 
404 

AFFIXING THIRD SUBSTRATE TO BASEPLATE , BETWEEN FIRST SUBSTRATE 
AND SECOND SUBSTRATE , COMPRISING THIRD INSULATOR PLATE , HAVING 
THICKNESS AND / OR MATERIAL COMPOSITION DIFFERENT FROM FIRST 

INSULATOR PLATE AND SECOND INSULATOR PLATE 
406 

400 

FIG . 4 
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SEMICONDUCTOR CHIP PACKAGE AND including particle generation during the welding process , a 
METHOD OF ASSEMBLY limited process window due to the danger of damaging the 

ceramic substrates , and limited accessibility for the welding 
RELATED APPLICATIONS tools . 

In view of the above , the present embodiments are pro 
This application claims priority to U.S. Provisional patent vided . 

application 62 / 966,951 , filed Jan. 28 , 2020 , entitled Semi 
conductor Chip Package and Method of Assembly , and SUMMARY 
incorporated by reference herein in its entirety . 

Semiconductor device substrate assemblies and packages 
BACKGROUND are disclosed , as well as related methods . In one embodi 

ment , a semiconductor device substrate assembly may 
Field include a first substrate , comprising : a first insulator plate ; 

and a first patterned metal layer , disposed on the first Embodiments relate to the field of semiconductor devices , 15 insulator plate , wherein the first insulator plate comprises a and in particular , packages for power semiconductor chips . first material and a first thickness . The semiconductor device 
Discussion of Related Art substrate assembly may include a second substrate , com 

prising : a second insulator plate ; and a second patterned 
Present day power semiconductor modules , including 20 metal layer , disposed on the second insulator plate , wherein 

insulated gate bipolar transistors ( IGBT ) or diode power the second insulator plate comprises the first material and 
modules ( e.g. 3.3 kV , 4.5 kV or 6.5 kV ; 1500 A or 1200 A ) the first thickness . The semiconductor device substrate 
may include multiple substrates , such as 2 , 4 or 6 substrates , assembly may also include a third substrate , disposed 
similar to each other . Each substrate , with wires and resis- between the first substrate and the second substrate , com 
tors , hold the IGBT and diode chips as well as busbars , 25 prising : a third insulator plate ; and a third patterned metal 
where the busbars serve as the electrical power connection layer , disposed on the third insulator plate , wherein the third 
to the power semiconductor module . In turn , the substrates insulator plate comprises a second material and a second 
may be affixed to a baseplate , to form an assembly of thickness , wherein at least one of the second material and the 
substrates arrayed on a common support structure , such as second thickness differs from the first material and the first 
Aluminum Silicon Carbide . 30 thickness , respectively . 
A power semiconductor substrate may include a sandwich In another embodiment , a semiconductor device package , 

of two metal sheets ( e.g. Cu or Al ) , one of them patterned may include a first substrate , where the first substrate 
into a patterned metal layer , and bonded a ceramic includes a first insulator plate ; and a first patterned metal 
disposed between the patterned metal sheets . The substrates , layer , disposed on the first insulator plate ; and a first set of 
e.g. , Al2O3 , AIN or SizN4 ) , are chosen carefully , taking 35 semiconductor die , disposed on the first patterned metal 
various requirements into account , including : 1. ) High elec- layer . The semiconductor device package may include a 
trical isolation of the top side to the base is needed ( typically second substrate , including a second insulator plate ; a sec 
either min . 6 kV or 10.2 kV for high power modules ) ; 2. ) ond patterned metal layer , disposed on the second insulator 
high vertical thermal conductivity is needed , especially plate ; and a second set of semiconductor die , disposed on the 
underneath the semiconductor chips , for best possible cool- 40 second patterned metal layer . The semiconductor device 
ing ; 3. ) Reliable mechanical stability during manufacturing , package may include a third substrate , disposed between the 
assembly and in operation is needed , especially during the first substrate and the second substrate , where the third 
busbar attachment process , for example , being more robust substrate includes a third insulator plate ; and a third pat 
against mechanical stress of a busbar attachment process ; 4. ) ? terned metal layer , disposed on the third insulator plate ; and 
high lateral conductivity of the top metal layer is needed for 45 a set of busbars , connected to the third patterned metal layer . 
minimal electrical resistances and consequential conduction In a further embodiment , a method of forming a semi 
losses , as well as good lateral heat dissipation ; 5. ) A full conductor package is provided . The method may include 
electrical test of the substrates before assembly is needed in affixing a first substrate on a baseplate , the first substrate 
order to ensure good manufacturing yield and device qual- comprising a first insulator material , and a first patterned 
ity ; 6. ) Costs for materials , process and scrap need to be kept 50 metal layer . The method may include affixing a second 
reasonably low ; and 7. ) the designs have to be symmetrical substrate on the baseplate , the second substrate comprising 
in a way that ensures symmetrical impedance for each set of the first insulator material and a second patterned metal 
chips . layer , and affixing , between the first substrate and the second 

Typical methods to attach the busbars ( typically made substrate , a third substrate on the baseplate , the third sub 
from Ni plated Cu or pure Cu ) to the substrates include 55 strate comprising a second insulator material different from 
soldering , ultrasonic welding or laser welding or Ag sinter- the first material , and further comprising a third patterned 
ing . In the case of soldering , the joint on its own may not be metal layer . 
sufficiently strong mechanically . As a consequence , addi 
tional efforts are taken to hold the busbars in place ( e.g. , BRIEF DESCRIPTION OF THE DRAWINGS 
potting the module with epoxy ) . This approach does not just 60 
entail an additional process step , but leads to further issues FIG . 1A shows a semiconductor device package in top 
in long term reliability and additional weight . The more plan view , in accordance with various embodiments of the 
recently developed ultrasonic welding or laser welding may disclosure ; 
provide very strong connections that don't require subse- FIG . 1B illustrates a top perspective view of the semi 
quent epoxy potting . Use of these later processes are there- 65 conductor device package of FIG . 1A ; 
fore desirable in principle . Several issues remain before FIG . 2 shows a variant of the embodiment of FIG . 1A , in 
successful implementation of a robust welding process , accordance with some embodiments of the disclosure ; 
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FIG . 3A shows at top plan view of a semiconductor device shown . Notably , the patterned metal layer may be formed 
package architecture , according to embodiments of the dis- from a thin sheet , such as copper sheet . While not shown , the 
closure ; first substrate 102 may include a metal sheet on the opposite 
FIG . 3B shows at top plan view of another semiconductor side as the side supporting the first patterned metal layer 

device package , according to other embodiments of the 5 122 , thus forming a stack of insulator plate sandwiched 
disclosure ; and between two metal sheets , as in known device packages . 
FIG . 4 depicts a process flow , according to embodiments The semiconductor device package 100 may include a 

of the disclosure . first set of semiconductor die , shown as semiconductor die 
132 , disposed on the first patterned metal layer 122. The DESCRIPTION OF EMBODIMENTS semiconductor die 132 may represent a set of power devices , 
including diodes , IGBTs , and so forth . The present embodiments will now be described more Similarly to the first substrate 102 , the second substrate fully hereinafter with reference to the accompanying draw 

ings , in which exemplary embodiments are shown . The 104 may include a second insulator plate 114 and a second 
embodiments are not to be construed as limited to the 15 patterned metal layer 124 , disposed on the second insulator 
embodiments set forth herein . Rather , these embodiments plate 114. In various non - limiting embodiments , the second 
are provided so that this disclosure will be thorough and insulator plate 114 may be formed of a known ceramic 
complete , and will fully convey their scope to those skilled material , such as aluminum oxide , silicon nitride , or alumi 
in the art . In the drawings , like numbers refer to like num nitride . In certain embodiments , the second insulator 
elements throughout . 20 plate 114 may be formed of aluminum nitride having a 

In the following description and / or claims , the terms “ on , " thickness such as 1 mm , 0.5 mm , or similar thickness . As 
" overlying , ” “ disposed on ” and “ over ” may be used in the such , the second insulator plate 114 may provide a highly 
following description and claims . " On , " " overlying , " " dis- thermally conductive path to the baseplate 101. The second 
posed on ” and “ over ” may be used to indicate that two or patterned metal layer 124 may be patterned into different 
more elements are in direct physical contact with one 25 regions , as shown . Notably , the second patterned metal layer 
another . Also , the term “ on , " , " overlying , ” “ disposed on , ” 124 may be formed from a thin sheet , such as copper sheet . 
and “ over ” , may mean that two or more elements are not in While not shown , the second substrate 104 may include a 
direct contact with one another . For example , " over ” may metal sheet on the opposite side as the side supporting the 
mean that one element is above another element while not second patterned metal layer 124 , thus forming a stack of 
contacting one another and may have another element or 30 insulator plate sandwiched between two metal sheets , as in 
elements in between the two elements . Furthermore , the known device packages . 
term “ and / or ” may mean " and " , it may mean “ or ” , it may Likewise , the semiconductor device package 100 may 
mean “ exclusive - or ” , it may mean “ one ” , it may mean include a second set of semiconductor die , shown as semi 
" some , but not all ” , it may mean “ neither ” , and / or it may conductor die 134 , disposed on the second patterned metal 
mean “ both ” , although the scope of claimed subject matter 35 layer 124. The semiconductor die 134 may represent a set of 
is not limited in this respect . power devices , including diodes , IGBTs , and so forth . 

In various embodiments , a semiconductor device package As in known power semiconductor device packages , the 
and techniques for assembly are provided for power semi- first substrate 102 and second substrate 104 may be config 
conductor devices . ured the same , including the thickness of the first insulator 

Turning to FIG . 1A there is shown a top plan view of a 40 plate 112 and second insulator plate 114. However the 
semiconductor device package 100 , according to various thickness of the second insulator plate 114 need not match 
embodiments of the disclosure . FIG . 1B shows a top per- the thickness of the first insulator plate in some embodi 
spective view of a variant of the semiconductor device ments . In embodiments where the semiconductor die 132 
package 100. The semiconductor device package 100 a first and semiconductor die 134 are power semiconductor chips , 
substrate 102 , a second substrate 104 and third substrate 45 to generate large currents , the first insulator plate 112 and 
106 , arranged on a baseplate 101. The baseplate 101 may be second insulator plate 114 may be designed for dissipation 
a known material for power semiconductor device packag- of excessive heat , where high thermal conductivity and low 
ing , including ceramic materials , such as aluminum silicon thickness are desirable . Accordingly , in particular embodi 
carbide . The embodiments are not limited in this context . In ments , the first insulator plate 112 and second insulator plate 
the configuration of FIG . 1 , according to some embodi- 50 114 may each be formed of aluminum nitride , silicon nitride 
ments , the first substrate 102 and second substrate 104 may or similar material , having a thickness such as 1 mm , such 
be similar or the same , in that the materials , components , as 0.6 mm , or other suitable thicknesses . 
architecture , and dimensions are the same or similar . The As depicted in FIG . 1A and FIG . 1B the semiconductor 
third substrate 106 may differ substantially from the first device package 100 may also include a third substrate 106 , 
substrate 102 and second substrate 104 , as described below . 55 disposed between the first substrate 102 and the second 
As an example , the first substrate 102 may include a first substrate 104. The third substrate 106 may include a third 

insulator plate 112 and a first patterned metal layer 122 , insulator plate 116 , and a third patterned metal layer 126 , 
disposed on the first insulator plate 112. In various non- disposed on the third insulator plate 116. The third patterned 
limiting embodiments , the first insulator plate 112 may be metal layer 126 may be formed in different sections as 
formed of a known ceramic material , such as aluminum 60 shown . The third patterned metal layer 126 may thus be 
oxide , silicon nitride , or aluminum nitride . In certain formed from a plurality of patterned structures to accom 
embodiments , the first insulator plate 112 may be formed of modate a bus bar assembly , disposed thereupon . 
aluminum nitride , silicon nitride or similar , having a thick- As shown in FIG . 1A and FIG . 1B , the semiconductor 
ness such as 1 mm , 0.6 mm , or similar thickness . As such , device package 100 may also include a busbar assembly , 
the first insulator plate 112 may provide a highly thermally 65 connected to the third patterned metal layer 126 , in various 
conductive path to the baseplate 101. The first patterned different sections . The busbar assembly is shown as busbar 
metal layer 122 may be patterned into different regions , as 140 , where the busbar 140 may be formed of a relatively 
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thicker metal , such as copper , and may extend above the testing before assembly . In a DCB operation , a pair of sheets a 
plane of the baseplate 101 , as shown . of copper may be affixed to a ceramic substrate , such as 

Notably , while the first insulator plate 112 and second aluminum oxide , aluminum nitride or silicon nitride . The 
insulator plate 114 may be made from a first material , such sheets may be patterned as suitable to form patterned metal 
as silicon nitride , the third insulator plate 116 may be made 5 layers for semiconductor die substrates , meaning substrates 
from a second material , such as aluminum nitride or alumi to support the semiconductor die . Separately , copper sheets num oxide . Additionally , according to various embodiments , may be attached to a “ busbar substrate ” to be used to support the thickness of the third insulator plate 116 may differ from a busbar , separate from the semiconductor die substrates . that of the first insulator plate 112 and second insulator plate Notably , the ceramic of the busbar substrate may differ in 114. For example , the third insulator plate 116 may be 10 thickness as well as material , from the semiconductor die formed of a thicker insulation material than the first and 
second insulator plate . Choice of the material and thickness substrates , as discussed above . Separately , busbars may be 
for third insulator plate 116 may take into consideration the stamped , shaped , and annealed to a predetermined shape . 
process for attaching the busbar 140 to the third patterned During assembly , according to the present embodiments , 
metal layer 126 on the third insulator plate 116. A more 15 semiconductor die substrates may be assembled separately 
aggressive attachment process , such as ultrasonic welding , from the busbar substrates . The semiconductor die ( chips ) 
may call for a relatively greater thickness and a relatively may be soldered to respective semiconductor die substrates 
tougher material for the third insulator plate 116 . according to known techniques . In accordance with the 

The semiconductor device package 100 may further present embodiments , the semiconductor die substrates may 
include a first set of electrical connectors , shown as con- 20 be selected to be of an insulator material of thickness and 
nectors 128 , electrically connecting the third patterned metal material optimized for electrical isolation and thermal con 
layer 126 to the first patterned metal layer 122 and a second ductivity , as discussed above . X - ray analysis may be per 
set of connectors , shown as connectors 129 , electrically formed to test for defects , followed by wire bonding to 
connecting the third patterned metal layer 126 to the second terminals of the semiconductor die , and electrical testing of 
patterned metal layer 124. As such , the semiconductor 25 the circuitry after the semiconductor die are affixed and 
device package 100 provides an assembly to electrically and wired to the semiconductor die substrates ( such as first 
thermally manage a set of semiconductor die , where the substrate 102 and second substrate 104 , described above ) . 
semiconductor die are supported on a pair of insulating To assemble a busbar substrate , ultrasonic welding may 
substrates , separated from a third substrate that supports a be used to attach the busbar to a patterned metal layer that 
busbar . Advantageously , this arrangement facilitates the 30 is affixed to an insulator plate , such as aluminum oxide or 
ability to tailor insulator substrate regions for semiconductor aluminum nitride . As discussed above , the insulator plate for 
die thermal management , from regions where a busbar is to the busbar substrate may be formed of a tougher material , 
electrically couple to the semiconductor as detailed and may be thicker than the semiconductor die substrates . As 
below . such , the ultrasonic welding operation may be performed 

Turning in particular to FIG . 1B , as shown in the per- 35 with a high yield due to the greater robustness of the busbar 
spective view , the busbar 140 , having a relatively greater substrate . 
thickness than the connectors 128 and connectors 129 , may Advantageously , according to some embodiments , the 
better be attached to the third patterned metal layer 126 by ultrasonic welding for busbar attachment may be carried out 
ultrasonic welding or other welding process that provides a separate from the module assembly , remote from the semi 
more robust connection than is needed for the connectors 40 conductor chips , thus preventing particle contamination of 
128 and connectors 129 , without damaging the substrate the semiconductor chips during this welding process , and 
ceramics ( such as third insulator plate 116 ) . At the same time enabling an inspection or test of the busbar attachment 
the substrate ceramics ( see first insulator plate 112 and outside of the module . 
second insulator plate 114 ) can be chosen independently so To complete assembly , the various semiconductor sub 
that they provide the optimal characteristics for electrical 45 strates as well as busbar substrate are affixed to a baseplate , 
isolation and high thermal conductivity as needed for the such as by soldering . The arrangement of the various sub 
power semiconductor chip sets . As an example , the connec- strates may be as shown in FIG . 1A , where the busbar 
tors 128 may be attached to first patterned metal layer 122 substrate ( third substrate 106 ) is disposed between opposing 
and third patterned metal layer 126 by a soldering process . semiconductor die substrates ( first substrate 102 and second 
the connectors 129 may likewise be attached to second 50 substrate 104 ) . 
patterned metal layer 124 and third patterned metal layer Next , electrical connectors ( clips ) ( see connectors 128 
126 by a soldering process . Because the busbar 140 is and connectors 129 ) might be soldered between the semi 
attached to third substrate 106 , not to substrates that include conductor substrates and the busbar substrate . In particular , 
the semiconductor die , such as first substrate 102 or second the connectors are soldered to patterned metal layers pro 
substrate 104 , multiple advantages are provided in the 55 vided on the respective semiconductor substrates ( see first 
arrangement of FIG . 1A and FIG . 1B . In addition to the substrate 102 and second substrate 104 ) . The soldering 
flexibility to choose a more robust attachment process since operation establishes the electrical connection between the 
the third insulator plate 116 may be made form a tougher and semiconductor chips disposed on the semiconductor die 
thicker material than for first insulator plate 112 and second substrates and components that are external to the semicon 
insulator plate 114 , the architecture allows the attachment 60 ductor device package , via the patterned metal layer on the 
process for the busbar 140 to avoid disturbing or damaging busbar substrate , and the busbar , already welded to the 
the less tough , thinner substrates , meaning first substrate 102 patterned metal layer . 
and second substrate 104 . Alternatively , in further embodiments , these connections 

Turning now to Table I , there is shown an exemplary set of semiconductor substrates and busbar substrate may be 
of operations for assembling a semiconductor device pack- 65 created by wire bonding or other means , where ultrasonic 
age , according to some embodiments of the disclosure . As bonding of the busbars takes place lastly . In these further 
shown the semiconductor die may be subject to a set of embodiments , the material of the semiconductor substrates 
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may still be different from that of the busbar substrate , the number of components is reduced , for a given number of 
providing a more flexible approach . substrates and given number of semiconductor chips , and 

Subsequently , assembly may take place according to the use of interconnects between separate busbar substrates 
known operations , including gluing a plastic cover to the can be avoided . In particular , the gate connections can be run 
baseplate , filling with gel , adding plastic inserts and screws , on the central busbar substrate 156 , as well as emitter and 
and performing final testing . collector sense connections . This configuration avoids any 

necessity for wire bonding after soldering , thus enabling the 
TABLE I busbar welding prior to the soldering of the substrates to the 

baseplate . Components 
According to additional embodiments of the disclosure , 

Chip Diffusion processes , testing , dicing the patterned metal layer thickness ( such as a copper layer 
Either : bonding 2 Cu sheets to ceramic ( Al2O3 , AIN or thickness ) provided on the semiconductor chip substrates pattern by etching : cutting into size may differ from the patterned metal layer thickness provided 
Stamping on a busbar substrate . Notably , the use of a relatively thicker 
Annealing for softness Cu may be advantageous for busbar attachment , while Assembly process increasing the difficulty in patterning fine patterns in the 
Soldering chips to substrate patterned metal layer structures on the semiconductor chip 
Xray analysis for solder voids substrates . 
Wire bond gate and power connections 
Electrical testing Alternatively , adding Cu thickness below the semicon 
Ultrasonic welding of busbar to busbar substrate ductor chips may add to better thermal performance and 
( outside of module ) lateral conductivity , while maintaining the Cu thickness Solder substrates ( for chips and for busbar ) to underneath the busbars allows the welding parameters to be baseplate 
Solder clips for inter - substrate connections maintained the same . In either case , the separating of busbar 
Glue plastic cover to baseplate 25 substrates from semiconductor substrates allows the pat 
Fill with gel terned copper metal layer thickness to be chosen indepen 
Add plastic inserts and screws dently so that other aspects of the substrate device assembly Final test , PD test can be optimized . FIG . 4 depicts a process flow 400 , 

according to embodiments of the disclosure . At block 402 , 
Turning to FIG . 2 , there is a shown a top plan view of a 30 a first substrate is affixed to a baseplate , where the first 

variant of the semiconductor device package 100 , shown as substrate includes a first insulator plate , a first patterned 
semiconductor device package 200. In this case , the semi- metal layer , disposed on the first insulator plate , and a first 
conductor device package 200 may include the aforemen- set of semiconductor die , disposed on the first patterned 
tioned components of semiconductor device package 100 , metal layer . 
where like components are labeled the same . Notably , 35 At block 404 , a second substrate , separate from the first 
wiring 204 is shown to illustrate exemplary wire patterns to substrate , is affixed to the baseplate , where the second 
connect the semiconductor die 132 to the first patterned substrate includes a second insulator plate , a second pat 
metal layer 122 , and to connect the semiconductor die 134 terned metal layer , disposed on the second insulator plate , 
to the second patterned metal layer 124 . and a second set of semiconductor die , disposed on the 

While the aforementioned embodiments have depicted 40 second patterned metal layer . In various embodiments , the 
semiconductor device packages having two opposing semi- first substrate may be similar to or the same type of substrate 
conductor die substrates , in other embodiments , a semicon- as the second substrate . As an example , the first insulator 
ductor device package may include four semiconductor die plate and second insulator plate may be the same size , and 
substrates , six semiconductor die substrates , and so forth . In may be formed of the same material . The first patterned 
these additional embodiments , a busbar substrate is provided 45 metal layer may have the same shape and overall size of the 
separately between opposing semiconductor substrates , to first patterned metal layer , may be formed of the same 
support a busbar that is welded directly just to the busbar material , and so forth . The first set of semiconductor die may 
substrate , as disclosed above . FIG . 3A depicts one such be the same as the second set of semiconductor die in terms 
embodiment , where the semiconductor device package 144 of the individual die being the same for each set , the 
includes two pairs of semiconductor die substrates , each 50 arrangement being the same , and so forth . 
separated by a busbar substrate ( shown as third substrate At block 406 , a third substrate is affixed to the baseplate , 
106 ) , all substrates affixed to the baseplate 101 , where the between the first substrate and the second substrate , and 
substrates shown have been described hereinabove . comprising a third insulator plate . In some embodiments , the 

In another embodiment of the disclosure , multiple pairs of third substrate may have a different thickness , different 
substrates may be coupled to one central substrate , holding 55 material composition , or both , in comparison the first insu 
the busbars . FIG . 3B depicts a semiconductor device sub- lator plate and second insulator plate . In other embodiments , 
strate assembly 150 , according the additional embodiments the third insulator plate may have the same thickness as the 
of the disclosure , where pairs of substrates containing semi- first insulator plate and second insulator plate . As an 
conductor power chips are connected to a central busbar example , the first insulator plate and second insulator plate 
substrate 156. The substrate 102A and substrate 102B , 60 may be formed of a highly thermally conductive , thin 
disposed on one side of the central busbar substrate 156 , electrical insulator , such as silicon nitride , while the third 
may be substantially the same as first substrate 102 , insulator plate is formed of a thicker plate made from 
described above . The substrate 104A and substrate 104B , aluminum oxide or aluminum nitride . The embodiments are 
disposed on a second side of the central busbar substrate not limited in this context . As such , the assembly of sub 
156 , may be substantially the same as second substrate 104 , 65 strates allows forming a busbar directly on the third sub 
described above , and may be the same as substrate 102A and strate in a robust welding process , while not perturbing the 
substrate 104A in some embodiments . In this configuration , first and second substrate . 
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Notably , in different embodiments , the operations of the 7. The semiconductor device substrate assembly of claim 
block 402 , 404 and 406 may be performed in any order , and 1 , further comprising a baseplate , wherein the first substrate , 
generally the different substrates may be affixed to a base- second substrate and third substrate are disposed on the 
plate in the same general operation , “ at the same time . ” baseplate . 

In another variant of the process flow , the substrate 5 8. The semiconductor device substrate assembly of claim 
materials are the same for all substrates . In the process flow , 1 , further comprising a fourth substrate , disposed adjacent the busbars may be attached to the busbar substrate ( s ) ( third the first substrate , on a first side of the third substrate ; and substrate ) prior to soldering the substrate to the baseplate . a fifth substrate , disposed adjacent the second substrate , While the present embodiments have been disclosed with on a second side of the third substrate . 
reference to certain embodiments , numerous modifications , 10 9. A semiconductor device package , comprising : alterations and changes to the described embodiments are a first substrate , comprising : possible while not departing from the sphere and scope of a first insulator plate ; and the present disclosure , as defined in the appended claims . 
Accordingly , the present embodiments are not to be limited a first patterned metal layer , disposed on the first 
to the described embodiments , and may have the full scope 15 insulator plate ; and 
defined by the language of the following claims , and equiva a first set of semiconductor die , disposed on the first 
lents thereof . patterned metal layer ; 

a second substrate , comprising : 
What is claimed is : a second insulator plate ; 
1. A semiconductor device substrate assembly , compris- 20 a second patterned metal layer , disposed on the second 

ing : insulator plate ; and 
a first substrate , comprising : a second set of semiconductor die , disposed on the 

a first insulator plate ; and second patterned metal layer ; 
a first patterned metal layer , disposed on the first a third substrate , disposed between the first substrate and 

insulator plate , wherein the first insulator plate com- 25 the second substrate , comprising : 
prises a first material and a first thickness ; a third insulator plate ; and 

a second substrate , comprising : a third patterned metal layer , disposed on the third 
a second insulator plate ; and insulator plate ; and a second patterned metal layer , disposed on the second a set of busbars , connected to the third patterned metal insulator plate , wherein the second insulator plate 30 layer . comprises the first material and the first thickness ; 10. The semiconductor device package of claim 9 , the first and insulator plate and the second insulator plate comprising a a third su ate , disposed between the first substrate and 
the second substrate , comprising : first insulator material having a first thickness , and the third 
a third insulator plate ; and insulator plate comprising a second insulator material hav 
a third patterned metal layer , disposed on the third ing a second thickness , greater than the first thickness . 

insulator plate , wherein the third insulator plate 11. The semiconductor device package of claim 10 , the 
comprises a second material and a second thickness , first insulator material comprising silicon nitride , aluminum 
wherein at least one of the second material and the nitride or aluminum oxide , and the second insulator material 
second thickness differs from the first material and 40 comprising aluminum nitride or aluminum oxide . 
the first thickness , respectively . 12. The semiconductor device package of claim 9 , further 

2. The semiconductor device substrate assembly of claim comprising : 
1 , the first insulator plate and the second insulator plate a first set of semiconductor die , disposed on the first 
comprising a first insulator material having a first thermal patterned metal layer ; 
conductivity , and the third insulator plate comprising a 45 a second set of semiconductor die , disposed on the second 
second insulator material having a second thermal conduc patterned metal layer ; 
tivity , less than the first thermal conductivity , while having a set of busbars , connected to the third patterned metal 
mechanical properties that are more robust against a layer ; and 
mechanical stress of a busbar attachment process . a first set of connectors , electrically connecting the third 

3. The semiconductor device substrate assembly of claim 50 patterned metal layer to the first patterned metal layer 
2 , the first insulator material comprising silicon nitride or and a second set of connectors electrically connecting 
aluminum nitride , and the second insulator material com the third patterned metal layer to the second patterned 
prising aluminum nitride or aluminum oxide . metal layer . 

4. The semiconductor device substrate assembly of claim 13. The semiconductor device package of claim 12 , 
1 , wherein the second thickness is greater than the first 55 wherein the first set of semiconductor die and the second set 
thickness . of semiconductor die comprise a set of power semiconductor 

5. The semiconductor device substrate assembly of claim devices . 
1 , wherein the first patterned metal layer and the second 14. The semiconductor device package of claim 9 , further 
patterned metal layer comprise a first layer thickness , and comprising a baseplate , wherein the first substrate , second 
wherein the third patterned metal layer comprises a second 60 substrate and third substrate are disposed on the baseplate . 
layer thickness , different from the first layer thickness . 15. The semiconductor device package of claim 10 , the 

6. The semiconductor device substrate assembly of claim first insulator material comprising silicon nitride or alumi 
1 , the first patterned metal layer and the second patterned num nitride , and the second insulator material comprising 
metal layer being shaped to accommodate a plurality of aluminum nitride or aluminum oxide . 
semiconductor die , disposed thereupon , and third patterned 65 16. The semiconductor device package of claim 9 , the first 
metal layer comprising a plurality of patterned structures to insulator plate and the second insulator plate comprising a 
accommodate a bus bar assembly , disposed thereupon . first insulator material having a first thermal conductivity , 
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11 
and the third insulator plate comprising a second insulator 
material having a second thermal conductivity , less than the 
first thermal conductivity . 


